Background: the latissimus dorsi (Ld) muscle or myocutaneous flap is one of the most commonly used flaps and is believed to result in minimal donor-side morbidity. the impact on shoulder function from Ld removal is important due to the common nature of this procedure.
InTroDUCTIon
Since its first description (1), the latissimus dorsi (LD) muscle or myocutaneous flap is one of the most commonly used flaps because it has broad versatility and is believed to result in minimal donor-side morbidity. The most common complication described for this flap is the donor-site seroma (2-4).
The normal physiology of the shoulder girdle depends on the function of this muscle and it is one of the most powerful muscles of the shoulder. It is innervated by the thoracodorsal nerve (C6-C8) and it acts on the humerus in medial rotation, adduction, shoulder extension, depressing of the raised arm and downward rotation of the scapula, playing an important role in the stability of glenohumeral joint (2).
In the literature there are several studies about the biomechanical and functional changes in the shoulder following transfer of the latissimus dorsi muscle (5-16). However, they have been performed in relatively short term after reconstruction (5, 6, 10, 11, 12, 14, 15, 16, 17) and often on breast cancer patients (6, 9, 11, 12, 13, 14, 16, 17) . In those studies, the operated side was compared with healthy volunteers (5, 7, 8, 9), with the non-operated side (6, 11, 17) or the operated side prospectively (10, 14, 15, 17) .
Mostly minor donor site morbidity has been reported. However, the assessment modalities used in some of these studies were not standardized, and little information is given about the reliability of the methods used.
The purpose of this study was to analyse long-term functional changes of the shoulder with objective measurements methods after latissimus dorsi muscle free flap transfer operation,.
MaTErIaLS anD METHoDS
PaTIEnTS a review of medical records of patients who had admitted to the Department of Plastic and reconstructive Surgery of Tampere University Hospital between 1996 and 2004 for the transfer of latissimus dorsi (LD) muscle free flap for tissue defect covering was performed. The study was designed in order to evaluate long term donor-site morbidity after harvesting the latissimus dorsi muscle microvascular flap. an invitation was sent to these patients to participate after approval of the medical board and the ethical committee in Tampere University Hospital.
Inclusion criteria comprehended latissimus dorsi muscle flap transfer as a free flap more than 5 years ago; not sustained an injury to the upper extremity or the shoulder before, at the time or after the operation. In addition, only free flaps were selected to this study in order to exclude any possible effects of breast cancer treatment to the shoulder.
Eight patients, 5 men and 3 women with a mean age of 54 ± 21 years, who underwent LD-free flap for soft tissue reconstruction were accepted to participate in the study. Four of the patients suffered of hypertension and one from atherosclerosis, otherwise they were healthy without other impairments.
Seven of the flaps were transferred to the lower limb and one in the head and neck area and the average duration of follow-up was 7.7 years (92.5 ± 36 months) after surgery. operated shoulder was compared to the non-operated side in each patient.
The muscle flap was harvested with a vertical incision in all patients, from a non-dominant extremity in seven and a dominant extremity in one. The selection of donor extremity was influenced by the site of the injury of the lower extremity and by the position in which the patient had been placed on the operating table for concomitant procedures.
Donor site wound was sutured in two layers on a suction drain without quilting.
EVaLUaTIon an objective postoperative evaluation consisted of a selfevaluation questionnaire, scar evaluation, physical examination, and instrumented muscle-testing. assessment of the donor site scar was performed with Patient Scar assessment Questionnaire (PSaQ) (18) and the Scar Evaluation Scale (SES) score (19) . In addition, scar length was measured and scar limits or interferes with the movement were evaluated and rated as impossible, impaired or normal and the adhesion is rated as none, moderate or severe.
Pain and functional evaluation of the shoulder was performed using aSES method which is a standardized form for the assessment of the shoulder adopted by The american Shoulder and Elbow Surgeons (20) . The form has a patient self-evaluation section and a physician assessment section. The patient self-evaluation section of the form contains visual analogue scales for pain and instability and activities of daily living questionnaire (aDLs), questionnaire about shoulder or back discomfort during their everyday life or sport activities, change in vocation and time to return to work activities, duration of physical therapy if performed, subjective weakness and cosmesis.
The physician assessment section includes range of motion, specific physical signs, strength, and stability. For these variables, an accurate comparison was made with the non-operated shoulder. The measurement of active and passive range of motion and the manual muscle-testing were performed on all subjects by the same observer (S.G.) with the subject standing. Shoulder mobility was measured with a goniometer and the range of motion was expressed in degrees. abduction, adduction, intra-and extra-rotation were measured both actively and passively. all measurements were performed based on the standard described positions (21) . Shoulder stability was also evaluated assessing anterior translation, posterior translation, inferior translation (sulcus sign) and anterior apprehension. Scoring was performed according to the aSES physician assessment section, 0 = none, 1 = mild (0-1 cm translation), 2 = moderate (1-2 cm translation or translates to glenoid rim), 3 = severe (>2 cm translation or over rim of glenoid).
Furthermore, subjects were tested by a physiotherapist on an isokinetic dynamometer (Dynacom 650, Turku, Finland) for concentric maximal muscle force. We did not take into account any possible shoulder or upper limb strength reduction as non-dominant side was operated in seven out of eight cases.
The maximum torque at the functional range of motion more and average power were measured. The dynamometer was calibrated according to the manufacturer's protocol before testing session. The gravity correction and anatomic angle were enabled before every testing session. Thirty-six isokinetic tests were performed for each patient to evaluate the spectrum of muscular function of the shoulder girdle. For the purpose of this study, the isokinetic tests measured muscular contraction against a variable resistance at a fixed speed and arc of motion. To eliminate the assistance of the muscle groups of the lower extremities and trunk in the performance of the test, and to negate any differences that might be related to an injury or disability of the lower extremity, all tests on the work-simulator were performed with the patient seated and the trunk, lower extremities stabilized and elbow 90° flexed . Subject seated performed intra-/ extra-rotation, abduction/adduction and flexion/extension. Three maximal effort trials were performed in each axis. Patients were tested at two velocities, 60°/sec and 90°/sec, for each axes of motion. Both shoulder of all subjects were tested. no attempt was made to choose the operated or contralateral extremity for testing order.
STaTISTICaL anaLySIS
Statistical analysis has been performed using a SPSS statistical software (SPSS 16.0.1, Chicago, Illinois 60606, U.S.a). Continuous variables are reported as the mean ± standard deviation. Summary statistics are expressed as mean ± standard deviation. Comparison between the operated and non-operated side was done with a paired non-parametric hypothesis test, the Wilcoxin matched-pairs signed-ranks test. Significance level was set at p = 0.05. a p < 0.05 was considered as statistically significant.
rESULTS
The mean PSaQ questionnaire score was 73 (65% of maximum score), the mean SES score was 2 ± 1 and mean scar length was 23.4 ± 6.8 cm. Scar did not interfere with the movements in any patients and in one case a moderate scar adhesion was noted.
When comparing the operated sides to the non-operated sides, aSES score was significantly lower in the operated side (76 versus 93, p = 0.008). Particularly, aSES score about subject's activities of daily living was not significantly lower in the operated side (43 versus 47, p > 0.01), while aSES score concerning clinical functional assessment revealed a significant difference (33 versus 46, p = 0.008).
When we measured shoulder mobility on the operated side, the range of motion actively and passively was statistically comparable to non-operated side in most of the different movements (Table  1 and 2), however, in active and passive intra-rotation, active extra-rotation and active forward elevation were significantly reduced after surgery. Furthermore, operated side revealed a significant joint instability (3.6 versus 1.2, p = 0.007) using the aSES form. op, operated; n-op, non-operated; nS, not significant. *Wilcoxon's signed rank test. TaBLE 2 Comparison of passive shoulder mobility between operated and non-operated sides. The results of latissimus dorsi strength measurements with isokinetic tests showed statistically comparable values between the operated and non-operated sides (Table 3) , only intra-rotation strength was significantly reduced (35.74 newton-metre versus 42.7 newton-metre, p = 0.03) in the operated side.
DISCUSSIon
The latissimus dorsi flap is a versatile tissue flap that can be used for reconstruction of a variety of defects. There are several previous studies attempting to subjectively and objectively quantify the morbidity of latissimus dorsi muscle flap transfer with different results (Table 4 ). The degree of severity in morbidity of latissimus dorsi flap transfer varies from study to study.
Surprisingly, only few studies (7, 8, 9) used isokinetic measurements of shoulder function. a decrease in shoulder function was variable but was reported in up to 73 percent of the patients (6).
The decrease in strength was reported to be between 11 and 68 percent (8, 9, 10, 11, 17). Moreover, small sample sizes, uneven internal controls, and the often retrospective nature of these studies limit their ability to draw definitive conclusions regarding limitations in activities of daily living and practical functional outcome of latissimus dorsi harvest. We also studied a small series of patients with a very long follow-up. However, our sample size can limit the value of our statistical results.
Despite objective reduction in endurance and possibly power and range of motion at the shoulder girdle, early available published work suggests that the latissimus dorsi muscle is expendable as a donor with minimal donor site morbidity and functional sequelae (Table 4) . all authors agree, however, that on objective assessment there is at least some functional deficit following latissimus dorsi transfer, but patients are thought to adjust their lifestyles to accommodate the loss. Furthermore, translation of isotonic or isokinetic testing of muscle groups to real life function is difficult.
our study was specifically undertaken to provide data about subjective and objective shoulder function in the long term after LD procedure as a free flap.
In two recent prospective studies (14, 16) authors confirmed an insignificant loss of shoulder functionality, especially after six months. Moreover, adjuvant therapy and quilting suture had no effect on shoulder function (14, 16) . However, no isokinetic tests were performed.
Furtheremore, in a more recent prospective study, Forthomme et al. (17) showed, after isokinetic assessment, a muscle weakness 3 and 6 months after LD transfer, mainly on the abductor and adductor muscles (33 ± 9% at 6 months) and on the internal rotators (16 ± 11% at 6 months).
In our series, subjective satisfaction with the cosmetic appearance of the LD-donor site scar was excellent as stated by PSaQ questionnaire score results. This is probably attributable to the major concern about appearance of the reconstructed area. although the average length of the scar was not negligible, in all patients but one no interference with movements was detected.
The majority of patients did report a slightly impact on the subject's activities of daily living as it was detected by using the aSES score. These results might be due to the very long follow-up.
We decided to use the aSES score instead of other shoulder disability scales because aSES score combines both a patient evaluation questionnaire about daily living and a physician assessment (22) .
as stated by Brumback et al. (8), it is inappropriate to compare specific ranges of movement of the shoulder between two series of subjects after removal of the LD-muscle in each patient, because the range of motion of the shoulder varies in the normal population. The passive range of motion was measured also because it was believed to be a more reliable indicator of the lengths of the muscles and the extensibility of the joint. Three studies (14, 16, 17) compared shoulder outcome with preoperative measures. op, operated; n-op, non-operated; nS, not significant. *Wilcoxon's signed rank test.
TaBLE 4
Review of the literature regarding evaluation of shoulder function after latissimus dorsi muscle harvesting. We found a significant reduction of the range of motion in active and passive intra-rotation, active extra-rotation and active forward elevation. This can be controversial, as shoulder range of motion seemed to recover after surgery despite a decrease of function during the first six months (14, 16) .
During this long term follow up, the other shoulder muscles may be strengthened by the synergistic actions, as it has been suggested in other studies (5, 6, 7, 16, 17) . Most patients can adjust and adapt to the loss without difficulty and that assessment of shoulder biomechanics does not necessarily correlate to functional status. With time, recruitment of synergistic muscles can further reduce disability, which is likely to explain the observation that disability experienced improved with time (6). Particularly, the loss of power seems to return to or near to preoperative values in the second six-month period after surgery (14, 16) . In our study, seven out of eight patients had non-dominant extremity operated on and this limitation can interfere with the measurements as a strength reduction is usually present in that side.
Instability of the shoulder joint has not been described before as a result of LD harvesting. The significance of this finding is unclear, because subjective symptoms in the shoulders examined were minimal. We think that there might be a risk of joint changes in a longer follow-up because of the instability but this could not be noticed in our study.
Latissimus dorsi flaps are probably not as benign as previously thought and disabilities that result may in fact be more common and permanent than previously reported. Therefore, all patients undergoing this procedure need to be adequately informed and warned of potential functional deficit that may result after surgery. ConCLUSIon according to our study latissimus dorsi harvesting can affect the function of the shoulder joint in long run. Its sacrifice may lead to more significant functional loss than previously documented. reduced mobility, instability and weakness could be obtained in objective measurements. This is somewhat controversial to earlier literature, and the results should be interpreted with caution because of the small sample size, internal controls and retrospective nature of this study. Further research with a larger series of patients and relatively long follow-up is needed. However, patients undergoing this procedure should be appropriately counselled before the procedure. rEFErEnCES
